The presence of three major proteins a, f6 and y in rat ventral prostate was demonstrated by electrophoresis in polyacrylamide gels containing sodium dodecyl sulphate. Their regulation by androgens was studied by measuring the rates of synthesis of the proteins in minced prostatic tissue by using L-[35S]methionine. The three proteins account for 30-40% of the proteins synthesized in the gland. After castration, their rates of synthesis rapidly decline to about 1 % that of normal animals, and this cannot be accounted for by the accompanying decrease in general protein synthesis. Testosterone reverses these changes in castrated animals, so that after 4 days normal synthesis is restored. The regulation is specific for androgens, since cyproterone acetate, an anti-androgen, is inhibitory and oestradiol-17/ and corticosterone are without effect. Preliminary characterization of the proteins indicates that protein a (mol.wt. 22000, pl unknown) is a glycoprotein containing glucose and/or mannose residues and occurs in both the mitochondrial and cytosol fractions. Protein fl (mol.wt. 12000, p15.4) is also a glycoprotein, but is found exclusively in the cytosol fraction. Protein y (mol.wt. 8000, pl 5.4) is also found exclusively in the cytosol fraction.
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The presence of three major proteins a, f6 and y in rat ventral prostate was demonstrated by electrophoresis in polyacrylamide gels containing sodium dodecyl sulphate. Their regulation by androgens was studied by measuring the rates of synthesis of the proteins in minced prostatic tissue by using L-[35S]methionine. The three proteins account for 30-40% of the proteins synthesized in the gland. After castration, their rates of synthesis rapidly decline to about 1 % that of normal animals, and this cannot be accounted for by the accompanying decrease in general protein synthesis. Testosterone reverses these changes in castrated animals, so that after 4 days normal synthesis is restored. The regulation is specific for androgens, since cyproterone acetate, an anti-androgen, is inhibitory and oestradiol-17/ and corticosterone are without effect. Preliminary characterization of the proteins indicates that protein a (mol.wt. 22000, pl unknown) is a glycoprotein containing glucose and/or mannose residues and occurs in both the mitochondrial and cytosol fractions. Protein fl (mol.wt. 12000, p15.4 ) is also a glycoprotein, but is found exclusively in the cytosol fraction. Protein y (mol.wt. 8000, pl 5.4) is also found exclusively in the cytosol fraction.
It is well established that the metabolic and secretory activities of male accessory organs are regulated by androgens (Mann, 1964; Brandes, 1974) . In rat ventral prostate much is known about the early events in the molecular mechanism of androgen action (King & Mainwaring, 1974) . Testosterone is reduced to 5a-dihydrotestosterone (Anderson & Liao, 1968; Bruchovsky & Wilson, 1968) , which can bind with high affinity to a cytoplasmic receptor Mainwaring, 1969) capable of interacting with chromatin in the nucleus (Mangan et al., 1968; Fang & Liao, 1971; Mainwaring & Peterken, 1971) . Although the activities of numerous enzymes in the prostate (Paris & Brandes, 1974) are stimulated by testosterone, it has not been established whether this is a direct effect on enzyme synthesis by the regulation of mRNA concentration or whether the hormone modulates other factors that affect enzyme activity, such as coenzymes, activators and inhibitors or cell permeability. The androgen-dependent stimulation of aldolase was shown to be due primarily to effects on mRNA concentration, but the increases were modest and precluded further investigation Recently we have approached the problem by examining the complexity of RNA in prostatic tissue isolated from normal and castrated rats. Analysis of the kinetics of hybridization of poly(A)-containing RNA with its complementary DNA provides information on the numbers of different RNA sequences present in mammalian cells (Bishop et al., 1974; Lewin, 1975) . Using this approach we have demonstrated that the concentration of a class of poly(A)-containing RNA molecules is regulated by androgens (Parker & Mainwaring, 1977) . The concentrations of approximately two different sequences, accounting for about 50 % of the total poly(A)-containing RNA in the ventral prostate, were regulated by testosterone. Since most mRNA molecules described to date contain poly(A) tracts, it is reasonable to predict that these highly abundant poly(A)-containing RNA sequences are mRNA molecules coding for prostatic proteins. Therefore we have studied the complexity of prostatic proteins and investigated the effects of testosterone on their rates of synthesis. In the present paper we describe three major proteins that are useful markers of androgen action in rat ventral prostate. (Studier, 1970 ) and the buffer system described by Laemmli (1970) . The gels were stained with 1 % (w/v) Naphthalene Black lOB in 40% (v/v) methanol/7 % (v/v) acetic acid for 1 h at room temperature (20-25°C) and destained overnight by using the same solvent without the dye.
Materials and Methods
(b) Detection ofradioactivity. Radioactive samples were first concentrated 10-fold by precipitation with 5 % (w/v) trichloroacetic acid and redissolving them in an appropriate volume of 1 % sodium dodecyl sulphate. The samples were heated at 100°C, and after dialysis against 1 % sodium dodecyl sulphate, 0.1 % ,B-mercaptoethanol and 62.5 mM-Tris/HCI, pH 7.0, were electrophoresed as described above. Gels were stained for proteins and then prepared for radioautography by impregnating them with 2,5-diphenyloxazole (Bonner & Laskey, 1974) . After drying, the gels were placed in contact with Kodak X-omat H film at -70°C for up to 3 weeks. The appropriate regions of the gel, located by using the radioautographs, were then cut out and digested with H202 (0.4ml) at 50-60'C for 12-18h, and radioactivity was determined.
(c) Detection of carbohydrate. Electrophoresis was carried out in cylindrical 17% (w/v) polyacrylamide gels (7cm x 0.5 cm) with a stacking gel (1 cm x 0.5 cm) containing 0.4% sodium dodecyl sulphate (Laemmli, 1970) Two sugar-specific lectins from Lens culinaris (LCH) with specificity for glucose and mannose residues (Hayman & Crumpton, 1972) and Ricinus communis (RCAI) with specificity for terminal a-galactose residues (Nicholson et al., 1974) were used to prepare affinity-chromatography columns to fractionate carbohydrate-containing material (Hayman & Crumpton, 1972) . Postnuclear supernatant fractions, dialysed against 1 % (w/v) sodium deoxycholate, were applied to the affinity columns (5.0cmx2.5cm). Columns of both LCH and RCA1 lectins were first washed with 1 % sodium deoxycholate to remove unbound protein, and then LCHlectin columns were eluted with 0.3M-c-methyl-Dmannose in 1 % sodium deoxycholate and RCAIlectin columns with 0.3 M-D-galactose in 1 % sodium deoxycholate. Eluted protein was then dialysed against 1 % deoxycholate, freeze-dried and precipitated with ethanol at -20°C overnight. After centrifugation the precipitates were dried under N2 and treated with sodium dodecyl sulphate before polyacrylamide-gel electrophoresis. 7 ''15 Period after castration (days) Fig. 1 After castration, total incorporation of L-[35S]methionine into protein was decreased by half after 2-3 days and ultimately to about 5% that of normal animals after 15 days (Fig. la) . The incorporation of L-[35S]methionine into proteins a, P and y was detected by radioautography after electrophoresis on polyacrylamide gels, revealing several labelled proteins, including four major ones (Plate 2a). Three of these correspond closely to the three proteins a, 11 and y, although one ofthem corresponds to only the trailing edge of protein a revealed by Naphthalene Black stain. The fourth major radioactive component on the radioautographs also corresponds to a protein revealed by staining, but varied in amount from preparation to preparation and was not studied in detail. Assuming then that these radioactive components correspond to the stainable proteins a, ,B and y, it is clear that incorporation of [35S]methionine into these bands is greatly decreased after castration and that testosterone administered in vivo restores their rates of synthesis. The proportion of total protein synthesis in normal animals ranged from 5 to 8 % for a, 15 to 20 % for a and 6 to 9 % for y. After castration, synthesis of each protein had decreased by half after about 1 day and ultimately to about 5 % for a and 1 % forf/ and y proteins after 7 days (Fig. lb) . Androgen treatment reversed these changes, as shown in Figs. 2(a) and 2(b) . A single injection of testosterone into animals castrated for 14 days stimulated total protein synthesis within 1 day. A value characteristic of normal animals was reached after about 3-4 days, after which total protein synthesis continued to rise, often reaching a rate exceeding that of normal animals. Similarly, the synthesis of the proteins a and f/ increased significantly after 1 day, and all three proteins achieved normal synthesis rates after 3-4 days. A similar response time was obtained when animals 7 days after castration were treated with testosterone (G. Scrace & M. Parker, unpublished work). That testosterone affects both general and specific protein synthesis is confirmed by comparing the radioactivity incorporated into each of the proteins when fixed amounts of radioactivity are applied to the gels. Thus the proportion of [35S]methionine incorporated into the proteins fi and y declines after castration and is increased by testosterone. Period of testosterone treatment (days) Period of testosterone treatment (days) analysed on polyacrylamide gels containing sodium dodecyl sulphate. Radioactive proteins were detected by radioautography (see the Materials and Methods section). The material loaded on the gels was from: (1) rats 14 days after castration; (2) rats 14 days after castration+1 day of testosterone treatment; (3) rats 14 days after castration +2 days of testosterone; (4) rats 14 days after castration+3 days of testosterone; (5) normal rats. Protein bands were stained with Naphthalene Black. (b) A lOOOg supernatant fraction of normal rat prostate containing 30mg of protein was fractionated on an LCH-lectin affinity column. Portions (lOOIjg) of (1) the starting material, (2) the proteins that failed to bind and (3) those that bound to the LCH-lectin column were analysed by electrophoresis on sodium dodecyl sulphate/ polyacrylamide gels. Alterations in synthesis of a protein are much less marked (Figs. 3a and 3b) .
Restoration of specific and general protein synthesis in castrated animals is androgen-dependent. Oestradiol-17,B and corticosterone were ineffective, but the anti-androgen cyproterone acetate almost completely inhibited the stimulatory effects of testosterone (Table 1) .
Characterization ofthe proteins
Since the major proteins the synthesis of which is regulated by testosterone in rat seminal vesicle are glycoproteins (Higgins et al., 1976a) , the possibility that proteins a, 8 and y are also glycoproteins has been examined in two ways. First, on polyacrylamide gels protein ,B, and to a lesser extent protein a, gave a positive reaction to Schiff reagent. Secondly, approx. 5 % of the total prostatic protein could be bound to the LCH-lectin column. When proteins a, ,6 andr y Mobilities of proteins a, and y were determined in polyacrylamide gels containing sodium dodecyl sulphate and compared with those of purified commercial proteins: f8-galactosidase (1), lactate peroxidase (2), catalase (3), alcohol dehydrogenase (4), carbonic anhydrase (5), myoglobin (6), globin (7), ribonuclease (8), cytochrome c (9) and CNBr fragments of myoglobin (10, 11 and 12). The arrows indicate the mobilities of proteins a, .i and y, relative to Bromophenol Blue as a tracking dye. mol. wts. approx. 22000,12000 and 8000 respectively (Fig. 4) . These values may be overestimates, since proteins containing appreciable amounts of carbohydrate are known to behave anomalously on sodium dodecyl sulphate-containing gels (Segrest & Jackson, 1972 
Discussion
Most progress in the elucidation of the molecular mechanism by which steroid hormones control protein synthesis has been made by using systems in which a major protein is regulated by the steroid.
Although much of what is known about the action of androgens has been obtained by using the rat ventral prostate, suitable marker proteins of androgen action that account for a substantial fraction of the protein synthesis of the tissue have not been reported. Here we have demonstrated the existence of three major proteins representing 30-40% of the total protein and whose synthesis is testosteronedependent. The three proteins ac, ,B and y should be useful indicators of androgen action in molecular terms. Preliminary experiments reported here on steroid specificity suggest that the regulation appears to be modulated by a specific androgen receptor, since cyproterone acetate, which competes with 5ac-dihydrotestosteroneforbindingtoandrogen-specific receptor Stern & Eisenfeld, 1969) , inhibits the action of testosterone. In addition, oestradiol and corticosterone, neither of which bind to testosterone receptor, have no effect on the synthesis of the proteins.
Since 50 % of the poly(A)-containing RNA present in the ventral prostate consists ofabout two sequences whose concentrations are acutely dependent on testosterone (Parker & Mainwaring, 1977) , it is reasonable to predict that the synthesis of a similar number of major proteins should also be regulated by testosterone. This assumes, of course, that the poly(A)-containing RNA species function as mRNA. Evidence to date suggests that poly(A) tracts are a feature of most mRNA molecules (Darnell et al., 1973) . It is likely that the mRNA species for the proteins or, fl and y are coded for by the abundant poly(A)-containing RNA sequences. The rapid decline in both specific and general protein synthesis after castration and the restoration of synthesis by testosterone could result from changes in the total number of synthetic cells rather than alterations in protein-synthetic capacity of individual cells. Although not discounted directly, the kinetics of proliferative changes in the prostate probably do not account for the effects reported here. In particular, cell division does not occur to any significant extent in the first 36-48h after the administration of testosterone to castrated rats (Coffey et al., 1968; Rennie et al., 1975) , whereas increases in general and specific protein synthesis occur much more rapidly.
The synthesis ofa rat liver protein a2u is also under androgenic control (Roy & Neuhaus, 1967; Roy et al., 1977; Kurtz et al., 1976a,b) has received much attention (Higgins et al., 1976a,b) , but their results are quite different from those reported here for the prostate. In the rat seminal vesicle changes in the synthesis of specific proteins follow general protein synthesis, there being no evidence that androgens extend differential effects on individual proteins (S. J. Higgins, J. M. Burchell & W. I. P. Mainwaring, unpublished work) .
So far the identity and function of proteins a, f, and y are quite unknown. It is not even clear whether they contribute to prostatic secretions and thus constitute part of the seminal plasma. Nonetheless it is expected that studies of their hormonal regulation will allow us to investigate the molecular mechanism of androgenic hormones.
